Introduction
While a proliferation of commercial chemical instrumentation is appearing today employing microprocessors for a variety of control and data reduction applications, the great potential of microprocessors has not been exploited extensively for individual custom applications. The primary reason for this phenomenon is altogether too clear microprocessor software is either difficult to develop or inefficient in memory requirements and speed. This problem is even more important in situations requiring constant software modification. Initially, most instrument manufacturers utilized cross assemblers supported on large "number cruncher" computers to generate the required machine code binary program. More recently, the trend has been toward the use of a "developmental system" (at a cost comparable to a moderate minicomputer-the authors use the term "mini" in contrast to "micro" reluctantly because of the ever increasing overlap in computing capability) to write and debug assembly level porgrams which are subsequently converted to binary and incorporated into an instrument in the form of "read only memory" (ROM) . While has proven cost effective for high volume mass produced applications, it possesses serious limitations for system updates and custom applications. Additionally, the ability to program efficiently at the assembly level is a talent requiring a significant expenditure of time to develop. During the past several years, a virtual deluge of sophisticated, flexible, high performance computer hardware has been introduced primarily aimed at a rapidly growing "hobbyist" market. Manufacturers quickly realilsed that to sell the public hardware, some form of reasonably high level software must be made available. A variety of BASIC interpreters, ranging from rather "dumb" to "quite intelligent" have since evolved. The more intelligent BASIC interpreters have several highly attractive attributes for "hobbyist" applications. The language is both easy to master and conversational. Error and caution messages are provided as aids during programming.
Why not apply the "hobbyist" technology toward the implementation of custom laboratory systems? Many investigators have and, no doubt, many more will take this approach. However, BASIC interpreters possess serious limitations in terms of system speed, flexibility and input/ output (I/O) capabilities. In BASIC, each command must first be interpreted and then executed (see Figure 1) . In many cases, the interpretation process takes much more time than the actual execution. This problem is compounded by the fact that commands interpreted in the past must be re-interpreted each time they are used causing iterative programs to be very slow. While It should be noted that whilst many variables have been pushed on the stack, only the data will remain, since each time a value is used it is 'popped' (removed) from the stack. If a different spectra region is to be scanned i.e. from 3000 to 6500 with 10 increments the variables need only be changed thus 3000 START! 6500 STOP 10 INCREMENT and type SCAN, system will now scan from 3000 to 6500 taking data every 10 steps.
While the code might look a little strange at first, it quickly becomes very easy to work with. The SCAN program of Figure 6 could be combined with other modules as shown in Figure 5 to perform some more complex experimental function. Each module of the program can be easily tried out to ensure that it is operational before proceeding with the next.
Presently, CONVERS is being used in the authors' laboratories for a variety of spectrochemical investigations, including laser excited optoacoustic spectroscopy ( Figure 7) and inductively coupled plasma optical emission spectroscopy ( Figure 8 ). Rather complex interactive control and data acquisition programs have been easily implemented. Memory requirements and operating speed have been found to be far superior to conventional approaches. Additionally, new system users have encountered a difficulty in utilising previously developed custom software for a particular experiment even when documentation was vague.
Discussion
The authors hope that this short introduction to only a few of the concepts employed in CONVERS will generate interest in its capabilities. A much more complete discussion is available in the form of a user's manual [3] available from the authors.
Introduction
Microprocessors are being used to add inexpensive automatic control and data handling facilities to a variety of chemical instruments. With a microcomputer it is now possible to realise the flexibility formerly available only with a relatively large and expensive minicomputer in an instrument little different in size and cost from one controlled by inflexible hardware. In many ways chromatography is an ideal process for such automation. Most instruments are given a high workload and, although many applications may be routine and repetitive, the versatility of the technique requires an instrument which can easily be used in a variety of modes.
In addition to improving the convenience to the user, automation of a liquid chromatrograph should enhance the performance of the instrument. Some aspects of high performance liquid chromatography (HPLC) which can benefit in this way are as follows:
(1) Accurate control of solvent flow rate will compensate for changes in pressure drop and lead to more reliable retention times.
(2) The composition of the mobile phase can be accurately controlled in either isocratic or gradient elution chromatography using, for example, a proportioning valve on the low pressure side of the pump. (4) A built-in data handling facility can present the analyst with an easily read post-run report of the analytical results with accurate peak area measurements even for peaks which are poorly resolved. Although liquid chromatographs incorporating microprocessors for control and data handling purposes are commercially available, these instruments are, so far, relatively inflexible. This paper describes, in detail, the automation of a liquid chromatograph using an inexpensive general purpose microcomputer, which has previously been applied in atomic absorption spectrophotometry [1] and for column switching in HPLC 2 ]. Figure   illustrates the interconnection of the chromatograph and the microcomputer which controls the mobile phase flow rate, operates an automatic sampler and analyses data from the detector. The control and data handling functions are integrated in a program which enables the user to communicate with the instrument, in plain English, via a visual display unit (VDU)or teletypewriter keyboard. A variety of operational modes is offered, giving the analyst an opportunity to establish the best conditions for a particular separation before leaving the instrument to perform its given tasks without further interaction.
The microcomputer
Hardware The computer is a general purpose instrument constructed using a set of ready made circuit cards (Philips, Science and
